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Purpose: The surgical treatment for patients with a subclavian steal is controversial, 
especially for patients with coexisting severe carotid stenosis. This study determines the 
long-term efficacy of axillo-axillary bypass grafts in patients with and without a simulta- 
neous carotid endarterectomy. 
Methods: The axillo-axillary bypass was done in 39 patients who were monitored for 5.8 - 
3.9 years. Fifteen of these patients with severe carotid artery disease had a carotid 
endarterectomy done simultaneously. Twenty-four patients had an axillo-axillary bypass 
alone; four of these patients later had a carotid endarterectomy at 0.5 to 10 years. Graft 
patency was evaluated at intervals of 6 to 12 months by clinical evaluation and noninva- 
sive vascular studies. 
Results: Ten-year primary and secondary patency rates for all axillo-axillary bypass grafts 
were 88% and 91%, respectively. When carotid endarterectomy was done with axillo- 
axillary bypass, these patency rates were 86% and 93%, respectively. Patients with only 
axillo-axillary grafts had 10-year primary and secondary patency rates of 89% and 89%, 
respectively. Most patients had complete relief rom symptoms of arm ischemia (90%) and 
vertebrobasilar insufficiency (85%). No perioperative mortality or permanent neurologic 
deficit occurred. 
Conclusions: Axillo-axillary bypass is a safe and effective method for revascularization f 
the subclavian artery and should be considered for patients at high risk. (J Vase Surg 
1997;25:173-8.) 
Occlusion of the subclavian artery proximal to 
the origin of the vertebral artery can reverse blood 
flow in the ipsilateral vertebral artery and cause a 
subclavian steal, but it alone rarely causes brachial 
and cerebral ischemic symptoms. 1 Symptoms will 
occur if blood flow is compromised within the circle 
of Willis by a narrowing or an anatomic malforma- 
tion of  a vessel. 2,s Many patients with subclavian and 
innominate arterial occlusive disease will also have 
hemodynamically significant carotid artery disease# 
In one study 32% of the patients with subclavian or 
innominate arterial occlusions had carotid artery dis- 
ease. s High-grade stenoses of both the subclavian 
and carotid arteries can cause symptoms ofvertebro- 
basilar insufficiency and ischemia of the ipsilateral 
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upper extremity from hypoperfusion and the reversal 
of  cerebral blood flow circulation.l,3 
Subclavian surgical reconstruction has been used 
to increase the brachiocephalic circulation. Proce- 
dures include the carotid-subclavian bypass, subclavi- 
an-carotid transposition, subdavian-subdavian bypass, 
femoroaxillary bypass, and axillo-axillary bypass. 6-1° 
The axillo-axillary bypass is easy to do and has low 
mortality and morbidity rates. 9Primary patency rates 
have been reported as being mediocre to excel- 
lent. 1>1~ In this study the long-term efficacy of the 
axillo-axillary bypass for severe subclavian artery oc- 
clusive disease was determined in patients including 
those who had a simultaneous carotid endarterec- 
tomy for severe carotid artery stenosis. 
METHODS AND MATERIAL  
From 1975 to 1995, 39 patients who were be- 
tween 43 and 75 years of  age (14 men and 25 
women) had axiUo-axillary artery bypass grafts to 
correct symptomatic occlusive disease of the subcla- 
vian and innominate arteries. Fifteen of these pa- 
tients also had severe carotid artery disease and had a 
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Table I. Indications for axillo-axillary bypass and carotid endarterectomy in 39 patients 
Simultaneous CEA 
+ AXAX AXAX Total 
Symptom N % N % N % 
Claudication 6 40 9 38 15 38 
Wealcness 9 60 6 25 15 38 
Paresthesia 4 27 5 21 9 23 
Coldness 1 7 3 12 4 10 
Cyanosis 1 7 0 0 1 3 
Dizziness 10 67 12 50 22 56 
Vertigo 5 33 3 12 8 21 
Diplopia 3 20 4 17 7 15 
Syncope 2 13 1 4 3 8 
TIA 9 60 4 17 13 33 
Amaurosis fugax 6 40 0 0 6 15 
CEA, Carotid endarterectomy; A_XAX, axillo-axillary bypass; TIA, transient ischemic attack. 
N = number of  patients within group with symptoms. 
Number of  patients with simultaneous CEA + AXAX = 15; number of  patients with AXAX alone or CEA later = 24; % = Percentage of 
patients with symptom within group. 
carotid endarterectomy done simultaneously. Within 
1 month three patients with carotid cndarterecto- 
mies had the procedure on the contralateral rtery. 
Four of the 24 patients who had only the axillo- 
axillary bypass later had a carotid endartcrectomy at 
0.5 to 10 years after the axillo-axillary bypass. 
M1 patients had symptoms of severe subclavian 
artery insufficiency and had a significant decrease of 
>50 mm Hg in the systolic blood pressure on the 
affected side. Preoperative angiography confirmed a 
steal phenomenon in 30 (77%) patients, and 14 
(36%) patients had a complete occlusion of the sub- 
clavian/innominate artery. Symptoms of upper ex- 
tremity ischemia (claudication, weakness, paresthe- 
sia, coldness, and cyanosis) occurred in 27 (69%) 
patients, and the incidence for symptoms i shown in 
Table I. Symptoms of vertebrobasilar insufficiency 
(dizziness, vertigo, diplopia, and syncope) occurred 
in 30 (77%) patients. Symptoms of carotid artery 
disease (transient ischemic attack and amaurosis fu- 
gax) occurred in 19 (49%) patients. Eleven patients 
who had a simultaneous carotid endartcrectomy had 
vertebrobasilar insufficiency symptoms, and 12 pa- 
tients had symptoms of arm ischemia. 
Many patients had more than one risk factor for 
atherosclcrotic disease. 14 Thirty-six (92%) patients 
were cigarette smokers, and 28 (72%) patients had 
hypertension or diabetes. Atherosclerotic occlusive 
disease of the lower extremities was present in 22 
(56%) patients. Severe cardiac disease was present in 
14 (36%) patients. Five (13%) patients had had a 
previous stroke, and 13 (33%) had had a previous 
transient ischemic attack (TIA). Four (10%) patients 
had severe pulmonary disease, and four patients had 
cancer. The 15 (38%) patients with severe carotid 
artery disease had a simultaneous carotid endarterec- 
tomy. 
Operative procedures. General anesthesia was 
used in all cases. A transverse subclavicular incision 
was made parallel to the clavicle, splitting the pecto- 
ralis major muscle, and the pectoralis minor muscle 
was retracted laterally to isolate the axillary artery on 
the patent subclavian arterial side. Then a similar 
incision was made to ftce up the contralateral xillary 
artery. A subcutaneous, gentle, U-shaped tunnel was 
made over the sternum from axillary artery to axillary 
artery. 16 Then a polytetrafluoroethylene graft was 
passed through the tunnel; an 8-ram graft was used 
for 12 patients, and a 10-ram graft was used for 27 
paticnts. End-to-side anastomoses were made be- 
tween the graft and the proximal portion of the 
axillary arteries to lessen the risk of injury to the 
brachial plexus and tension on the graft. 
In the 15 patients with coexisting severe carotid 
artery stenosis, the lesions occurred bilaterally in 
three patients, ipsilaterally in six patients, and con- 
tralaterally in six patients. Both carotid endarterec- 
tomy and an axillo-axillary bypass were done at the 
same time. The order of the procedures was to first 
obtain and preserve a segment of greater saphenous 
vein for the carotid vein patch, then to rcvascularize 
the vertebrobasilar system with the axillo-axillary 
graft, and last to perform the carotid endarterectomy 
and angioplasty. 
Postoperative surveillance. After the operation 
patients were closely monitored for neurologic and 
cardiovascular symptoms. Our routine was to moni- 
tor patients initially at 4 to 6 weeks and then on a 
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Table II. Permanent resolution of symptoms after revascularization 
Simultaneous CEA 
+ AXA_X AX_AX Total 
Symptom N % N % N % 
Claudication 6 100 9 100 15 100 
Weakness 8 89 6 100 14 93 
Paresthesia 3 75 5 100 8 89 
Coldness 1 100 3 100 4 100 
Cyanosis 1 100 0 0 1 100 
Dizziness 8 80 10 83 19 86 
Vertigo 4 80 3 100 7 88 
Diplopia 3 100 4 100 7 100 
Syncope 2 100 1 100 3 100 
TIA 8 89 3 75 11 85 
Amanrosis fiagax 5 83 0 0 5 83 
CEA, Carotid endarterectomy; AXAX, axillo-axillary bypass; TIA, transient ischemic attack. 
N = number of  patients within group with relief of  symptom. 
Number  of  patients with symptom before simultaneous CEA + AXAX and before AXAX alone or with CEA later is given in Table I. 
% = Percentage of  patients who had complete relief and no recurrence of  the symptom. 
6-month or yearly schedule, unless they had symp- 
toms. Patients were monitored from 0.5 to 18 years. 
Mean follow-up time was 5.8 + 3.9 years for all 
patients and 6.8 + 4.5 (SD) years for patients who 
had a simultaneous axillo-axillary bypass and carotid 
endarterectomy. 
Patients had physical examinations, and graft pa- 
tency was determined by palpation. Bilateral brachial 
pressures and noninvasive vascular tests were also 
done. From 1975 to 1987 the degree of carotid 
stenosis was determined by carotid phonoangiogra- 
phy and oculoplethysmography. Duplex ultrasonog- 
raphy has been used from 1987 to 1995 to deter- 
mine the patency of the extracranial arteries. 
Angiography was done to confirm stenosis and the 
steal phenomenon. 
Statistical methods. Means and SD were calcu- 
lated. Life-table cumulative primary and secondary 
graft patency rates were determined for patients who 
had an axillo-axillary bypass. These patency rates 
were also determined for patients who had the com- 
bined procedures and for those who had only the 
axillo-axillary bypass. The Kaplan-Meier method was 
used to calculate the patency rates with the True 
Epistat statistical program (Version 5.0, Epistat Ser- 
vices, Richardson, Tex.). The z-statistic was used for 
point-to-point comparisons between the groups. 
RESULTS 
No perioperativc mortality or any permanent 
neurologic deficit occurred as a consequence of the 
operative procedures. After the axillo-axillary bypass 
alone was performed, one patient had symptoms of a 
TIA within 30 days. Causes of death ha five patients 
were a motor vehicle accident at 6 years, chronic 
obstructive pulmonary disease at 9 years, a carcinoma 
at 10 years, a myocardial infarction at 10 years, and 
an unknown cause at 6 years. After the simultaneous 
carotid endarterectomy and axillo-axillary bypass was 
performed, one patient died of a stroke at 18 years, 
and another died of a myocardial infarction at 12 
years. 
Most patients had complete and permanent relief 
of symptoms after undergoing the axillo-axillary by- 
pass (Table II). After a simultaneous carotid endar- 
terectomy and axillo-axillary bypass was performed, 
paresthesia and arm weakness returned in one patient 
5 years later. Another patient with the combined 
procedures reported episodes of dizziness at 9 
months and later had vertigo. Three patients indi- 
cated occasional dizziness from 2 to 4 years after 
operation. Carotid endarterectomy also resolved an- 
terior cerebral symptoms in most patients; one pa- 
tient had another episode of amanrosis fugax and a 
TEA at 2 years. One patient with only the axillo- 
axillary bypass had a TIA at 3 years. 
A total of four axillo-axillary grafts occluded. One 
patient who had the combined axillo-axillary bypass 
and carotid endarterectomy had a graft occlusion 
during surgery as a result of bypotension and low 
flow. The graft was opened by a thrombectomy and 
is still functioning after 12 years. The 10-year pri- 
mary and secondary patency rates for the 39 axillo- 
axillary bypass grafts were 87.8% and 90.6%, respec- 
tively (Table III). 
Two patients had graft occlusion after the axillo- 
axillary bypass alone. In one patient graft occlusion 
occurred approximately 3 years after the bypass, but 
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Table II I .  Secondary patency rates for 39 
patients with axillo-axillary grafts 
Cumulative 
Time (yr) At  risk Occluded Lost patency SEM 
0-1 39 0 4 1.0000 0.0000 
1-2 35 1 3 0.9701 0.0294 
2-3 31 2 2 0.9055 0.0520 
3-4 27 0 5 0.9055 0.0520 
4-5 22 0 2 0.9055 0.0520 
5-6 20 0 2 0.9055 0.0520 
6-7 18 0 2 0.9055 0.0520 
7-8 16 0 5 0.9055 0.0520 
8-9 11 0 2 0.9055 0.0520 
9-10 9 0 3 0.9055 0.0520 
10-11 6 0 1 0.9055 0.0520 
11-12 5 0 2 0.9055 0.0520 
12-13 3 0 1 0.9055 0.0520 
13-14 2 0 0 0.9055 0.0520 
14-15 2 0 1 0.9055 0.0520 
15-16 1 0 0 0.9055 0.0520 
16-17 1 0 0 0.9055 0.0520 
17-18 1 0 1 0.9055 0.0520 
Table IV. Secondary patency rates for 
axillo-axillary grafts in patients with a 
simultaneous carotid endarterectomy 
Cumulative 
Time (yr) At risk Occluded Lost patency SEM 
0-1 15 0 1 1.0000 0.0000 
1-2 14 1 1 0.9259 0.0713 
2-3 12 0 0 0.9259 0.0713 
3-4 12 0 1 0.9259 0.0713 
4-5 11 0 2 0.9259 0.0713 
5-6 9 0 1 0.9259 0.0713 
6-7 8 0 1 0.9259 0.0713 
7-8 7 0 1 0.9259 0.0713 
8-9 6 0 2 0.9259 0.0713 
9-10 4 0 2 0.9259 0.0713 
10-11 2 0 0 0.9259 0.0713 
11-12 2 0 0 0.9259 0.0713 
12-13 2 0 1 0.9259 0.0713 
13-14 1 0 0 0.9259 0.0713 
14-15 1 0 0 0.9259 0.0713 
15-16 1 0 0 0.9259 0.0713 
16-17 1 0 0 0.9259 0.0713 
17-18 1 0 1 0.9259 0.0713 
the graft was not repaired. This patient remained 
without symptoms and died of a myocardial infarc- 
tion 10 years after surgery. Another patient had graft 
occlusion after 2 years. The graft was not repaired 
because this patient also required a contralateral ca- 
rotid endarterectomy and had open heart surgery. 
The patient has no symptoms of the subclavian steal 
12 years after graft occlusion. The primary and sec- 
ondary patency rates for these patients were 100% for 
2 years and then remained at 88.9% thereafter (Table 
IV). 
Table V. Secondary patency rates for 
axillo-axillary grafts in patients without a 
simultaneous carotid endarterectomy 
Cumulative 
Time (yr) At  risk Occluded Lost Patency SEM 
0-1 24 0 3 1.0000 0.0000 
1-2 21 0 2 1.0000 0.0000 
2-3 19 2 2 0.8889 0.0741 
3-4 15 0 4 0.8889 0.0741 
4-5 11 0 0 0.8889 0.0741 
5-6 11 0 1 0.8889 0.0741 
6-7 10 0 1 0.8889 0.0741 
7-8 9 0 4 0.8889 0.0741 
8-9 5 0 0 0.8889 0.0741 
%10 5 0 1 0.8889 0.0741 
10-11 4 0 1 0.8889 0.0741 
11-12 3 0 2 0.8889 0.0741 
12-13 1 0 0 0.8889 0.0741 
13-14  1 0 0 0.8889 0.0741 
14-15 1 0 1 0.8889 0.0741 
Four of  these patients had a carotid endarterectomy from 0.5 to 
10 years after the axillo-axillary bypass. 
The axillo-axillary grafts occluded in two patients 
who had combined axillo-axillary bypass and carotid 
endarterectomy. One graft that occluded uring sur- 
gery was opened by thrombectomy and is still func- 
tioning. Another patient had a graft occlusion at 11/2 
years. This patient was lost to follow-up. The primary 
patency rates were 93.1% at 1 year and 85.7% at 2 
years, which remained constant thereafter. The sec- 
ondary patency rates were 100% for 2 years and then 
remained at 92.6% thereafter (Table V). 
Total occlusion of the bilateral carotid arteries 
occurred by the seventh year in one patient, whereas 
the axillo-axillary graft remained functioning for 18 
years. In two patients with a functioning raft pro- 
gressive disease in the subclavian artery occurred on 
the donor side, and thrombosis occurred in the arter- 
ies 6 and 8 years later. In these patients retrograde 
flow in vertebral nd collateral cervical arteries main- 
rained adequate circulation distal to the occlusions, w 
DISCUSSION 
Controversy exists concerning which procedure 
is best for correcting the subclavian steal. We have 
preferred the axiUo-axillary bypass procedure to ob- 
tain freedom from the symptoms of subclavian occlu- 
sive disease in patients with coexisting severe diseases 
such as severe carotid artery stenosis, cardiac disease, 
pulmonary disease, and malignancies. An advantage 
of the procedure is that it can be done with local 
anesthesia, 18 which should be considered for the 
elderly with severe cardiovascular o pulmonary dis- 
eases. It is easily and quickly done, and excellent 
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long-term patency rates can be achieved. We have 
monitored 24 patients who had the axillo-axillary 
bypass alone for a mean of more than 5 years, and 
only two grafts failed after 2 years. These patients 
remained without symptoms because of a possible 
increase in collateral circulation. No severe complica- 
tions occurred. Most patients had complete and per- 
manent relief of their symptoms related to upper 
extremity (90%) and vertebrobasilar (80%) perfusion 
insufficiencies. Graft patency can be easily deter- 
mined by Doppler ultrasonography or even by palpa- 
tion. 19 In patients with coexisting severe cardiac or 
pulmonary disease, the axillo-axillary bypass avoids 
the complications caused by manipulation of the 
carotid artery. 2° Other investigators also have had 
good results with axillo-axillary bypasses, and it is 
reasonable to expect a 10-year primary patency rate of 
90%.13,14,18,21 
A subclavian-carotid ransposition has been advo- 
cated by some investigators. A single direct anasto- 
mosis is performed between these ipsilateral vessels, 
no autogenous or artificial conduit is required, and 
long-term patency rates are good. 8,1°,22 This proce- 
dure, however, is limited to patients with occlusive 
disease in the proximal subclavian artery. 1°,~5 The 
carotid-subclavian bypass has been used by others, 
because ashort graft is placed between these ipsilat- 
eral high-flow vessels, and the mortality rate is 
lOW. 9'12'23'24 However, it cannot be used for innom- 
inate artery lesions, and patency rates are reported to 
be lower than with subclavian-carotid transposi- 
tions. 2s A carotid endarterectomy may alsobe neces- 
sary before or may be done at time of the carotid- 
subclavian bypass to prevent a carotid steal. 23 These 
procedures have yielded excellent results and should 
be used in patients who have no coexisting severe 
disease that could increase mortality and morbidity. 
The higher risk patient should be considered for the 
axillo-axillary bypass, because it has minimal compli- 
cations and avoids the carotid artery. Others have 
preferred the axillo-axillary bypass over the carotid- 
subclavian bypass, when coexisting ipsilateral carotid 
artery stenosis is present. 26 
If both subclavian and carotid arteries have signif- 
icant stenosis or occlusion, the optimum procedure is
uncertain. Although carotid endarterectomy alone 
will alleviate vertebrobasilar symptoms in many pa- 
tients, We have done a simultaneous axillo-axillary 
bypass and carotid endarterectomy to increase bra- 
chial and cerebral perfusion. Our secondary patency 
rate for the axillo-axillary bypass in these patients was 
93% at a mean follow-up time of 6.8 years. We 
believe that both arterial occlusions should be 
treated to prevent neurologic omplications. In one 
study the incidence of stroke or a TIA increased 
significantly in patients who had a carotid-subclavian 
bypass or a subclavian-carotid ransposition without 
surgical treatment of the carotid lesions. 7
In our study most patients who had simultaneous 
carotid endarterectomy and axillo-axillary bypass had 
complete relief of symptoms. Only two patients had 
transient symptoms, and one graft remains occluded. 
We found that the procedure was safe, had an excel- 
lent patency rate, and alleviated symptoms for many 
years. In other studies the operative mortality and 
stroke rate was increased in patients having carotid 
endarterectomy combined with either a subclavian- 
carotid transposition or the carotid-subclavian by- 
pass.8, 23 
In conclusion, an axillo-axillary bypass for a 
symptomatic subclavian artery insufficiency should 
be considered for patients who have other coexisting 
severe diseases and could be at a higher risk for 
increased mortality or morbidity. Combining. carotid 
endarterectomy with the axillo-axillary bypass hould 
be an option for patients with coexisting severe ca- 
rotid artery disease and subclavian artery insufficiency 
to improve cerebral blood flow and provide relief 
from the symptoms of vertebrobasilar insufficiency 
and upper extremity ischemia. 
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